The aerial parts of several plants of the genus Epimedium (Berberidaceae) have been used as a tonic, antirheumatic and aphrodisiac in Traditional Chinese Medicine (TCM). Generally, the compounds of flavonoids have been reported as mainly the bioactive compotents in Epimedium. Although a series of prenylflavonol glycosides have been isolated and identified, the physiological activity of Epimedium could not be completely explained by means of these known components. Up to now, the unknown components of Epimedium have been present in minute amounts, and it is very difficult and time-consuming for sufficient accumulation to obtain NMR spectral data. Because the structures and properties of most of the flavonol glycosides from Epimedium are very similar, 1-4 the identification and elucidation methods are more important than separation techniques for the structures of unknown compounds from Epimedium.
In the current work, the aerial parts of Epimedium koreanum Nakai were studied with the aim to isolate flavonoids. Also, the structural identification and elucidation of prenylflavonol glycosides from Epimedium koreanum Nakai were investigated by the ESI-MS n technique in both the positive and negative ion modes, and the structure of a novel prenylflavonol glycoside (1) was elucidated.
Experimental

Materials
Dried aerial parts of Epimedium koreanum Nakai were collected from Changbai Mountain of Jilin Province, in China. All of the solvents used were of analytical reagent grade.
Extraction, isolation and recrystallization
The dried and powered aerial parts (1000 g) were thoroughly extracted (three times) with 70% EtOH under reflux for 1 h. After removing ethanol under reduced pressure, the residues were dissolved in 95% EtOH to recrystallize, and then chromatographed on silica gel with a CHCl3-MeOH gradient (10:1); finally, compound 1 (5 mg, purity 90%) was obtained, which was diluted with MeOH and analyzed by ESI-MS n .
Mass spectrometry
The high-resolution mass spectrum was obtained on an Ionspec Ultima 7.0 T FTICR-MS (Ion-spec, USA) with an electrospray source. The probe heater was at 120˚C, the source heater at 80˚C, the probe HV to 2.4 kV, the sample cone voltage to +30 V, and the extractor cone to +4.0 V.
All ESI-MS n experiments were performed on a Finnigan MAT LCQ ion-trap mass spectrometer (San Jose, CA, USA) equipped with an electrospray ion source and capable of analyzing ions up to m/z 2000. For ESI-MS experiments, the spray voltage was set to ±5.0 kV in both the positive and negative ion modes, respectively. The capillary voltage was fixed at 4.0 V, and the temperature at 200˚C. Nitrogen was used as a sheath gas, and the flow rate was 40 arbitrary units. Helium was used as a buffer gas. The ESI interface and mass spectrometer parameters were optimized to obtain the maximum sensitivity. For ESI-MS n experiments, the maximum ion injection time was set to 600 ms; the ion isolation width window was set at 2.0 Th and the collision energies were in the range of 20 to 35%. Samples were introduced via a syringe pump at a flow rate of 3 µL/min.
Acid hydrolysis of glycoside
A glycoside solution was applied 1 cm from the bottom edge of an HPTLC silica-gel plate (10 × 10 cm) and hydrolyzed with HCl vapor for 40 min at 50 -60˚C. The plate developed in 9 mL of the lower layer of a mixture of CHCl3-MeOH-H2O (15:6:2), to which 1 mL of HOAc was added. 12 The identification of sugars was carried out by comparisons with authentic sugar markers on the same plate. The aglycone of compound 1 was identified as being 4′-methoxy-3,5,7-trihydroxy-8-3,3-dimethylallylflavone by a comparison with an authentic sample. 13 
Results and Discussion
Investigation of compound 1 by ESI-MS
Under the ESI-MS conditions, flavonoids have strong molecular species in both the positive and negative ion modes. Table 1) is 42 Da, which corresponds to the acetyl group. As is well known, the acetyl group generally exists in prenylflavonol glycosides from Epimedium koreanum Nakai. 3, 5 According to the data mentioned above, it can be demonstrated that there are one aglycone, one glucose residue, one rhamnose residue and one acetyl group in compound 1.
Investigation of compound 1 by ESI-MS n in the negative ion mode
In order to confirm our analyses and the accurate structure of compound 1, the fragmentation pathway must be investigated by ESI-MS n . For a comparison, the representative structures of four known prenylflavonol glycosides from Epimedium koreanum Nakai are shown in Table 1 , and their ESI-MS n data are given in Table 2 . From Table 2 , it can been seen that the negative ion ESI mass spectra of 2 and 3 with a substituted glucose residue at C-7 showed the ions [ M+2H2O-H] -at m/z 711 14 and 957, respectively, but the FAB mass spectra 2 and 3 showed the ions [M-H] -. 5 The negative ion ESI mass spectra of 4 and 5 with a free hydroxyl group at C-7 provided the ions [M-H] -at m/z 513 and 717, respectively, which is in accordance with the previous research results by using the FAB-MS method. 5 It can be concluded that the ion at m/z 735 is the ion [M1+H2O-H] -, because the ESI mass spectrum of 1 showed an m/z of 735 ion in the negative ion mode; compound 1 probably has a similar structure with compounds 2 and 3, and compound 1 has a sugar residue at the C-7 site.
For compound 2, in ESI-MS 2 , the ion at m/z 711 ([M2+2H2O-H] -) produced the ion at m/z 513 by the loss of a neutral glucose residue at C-7 and two water molecules (162 Da + 36 Da), and the ion at m/z 513 produced the ion at m/z 366 by the loss of a rhamnose residue (147 Da) at C-3 in ESI-MS 3 (see Table 2 ). Therefore, we conclude that prenylflavonol glycosides with only one rhamnose residue at C- 3 , which demonstrated that the rhamnosyl moiety is at the C-3 site, and the glucosyl moiety substituted by acetyl group was confirmed at C-7 in compound 1. 3 Also, the ion at m/z 735 produced the ion at m/z 674 by the loss of 61 Da (43 Da + 18 Da), which corresponds to the radical group Ac and a neutral H2O molecule. Further, the ion at m/z 735 produced the ion at m/z 597 ( 0,2 X0) by the loss of a H2O and cross-ring cleavages at the 0, 2 two bonds, which suggested that the acetyl group position in compound 1 is C-2″ of the glucosyl moiety. Consequently, the structure of compound 1 was elucidated to be 8- (Table 1) according to the data mentioned above.
Investigation of compound 1 by ESI-MS n in the positive ion mode
ESI-MS n in the positive ion mode of four known prenylflavonol glycosides from Epimedium koreanum Nakai was studied; the data are given in Table 3 . The experimental results showed that the molecule ions [M+H] + at m/z 677 and 923 of compounds 2 and 3 were observed in ESI-MS, but the molecule ions [M+H] + of compounds 4 and 5 with a free hydroxyl group at C-7 were not found in ESI-MS, which was in accordance with previous research using the FAB-MS method. 5 It can be concluded that compound 1 probably has a similar structure to compounds 2 and 3, and have a sugar residue at C-7. In order to further confirm the elucidation, ESI-MS n in the positive ion mode was investigated.
For compound 2, in ESI-MS 2 , the ion at m/z 677 ([M2+H] + ) formed the ion at m/z 531 by the loss of a neutral rhamnose residue (146 Da) at C-3; in ESI-MS 3 , the ion at m/z 531 produced the ion at m/z 369 by the loss of a neutral glucose residue (162 Da) at C-7 (Table 3) , the ion at m/z 531 produced the ion at m/z 369 (100) by the loss of a neutral glucose residue (162 Da) at C-7 (Table 3) . Therefore, it can be concluded that, in the positive ion ESI-MS n , the substituted group at C-3 was firstly eliminated for prenylflavonol glycosides with the substituted group at C-3 and C-7, and then the substituted group at C-7 was eliminated in turn.
ESI-MS n in the positive ion mode of the ion at m/z 719 of compound 1 is shown in Fig. 2 , which demonstrates that the ion at m/z 719 produced the ion at m/z 573 (100) by the loss of 146 Da (rhamnose residue), and the ion at m/z 531 (28) by the loss of 188 Da (146 Da + 42 Da), which correspond to the rhamnose residue and the acetyl group. Thus, the rhamnosyl moiety was confirmed to be at the C-3 site in compound 1. As mentioned above, the ion at m/z 719 produced from the ion at m/z 923 ([M3+H] + ) did not formed the ion at m/z 573 by the loss of a neutral rhamnose residue (146 Da) in ESI-MS 3 (Table 3) . Therefore, the acetyl group of compound 1 was not at the C-3 site. From Fig. 2b , it can be seen that the ion at m/z 573 produced the ion at m/z 369 (Y0, 100) by the loss of 204 Da (162 Da + 42Da), which corresponds to the glucose residue and the acetyl group. Also, the experimental results of Fig. 2c demonstrate that the ion at m/z 531 produced the ion at m/z 369 (100) by the loss of 162 Da (glucose residue). As a result, it is concluded that the glucosyl moiety substituted by the acetyl group should be confirmed at the C-7 site in compound 1. Meanwhile, in Fig. 2b , the ion at m/z 573 produced the ion at m/z 453 ( 0,2 X0) by cross-ring cleavages at the 0, 2 two bonds; the ion at m/z 573 also produced the ions at m/z 517 and 369 by the loss of C4H8 at the prenyl group and the sugar residues at C-3 and C-7, respectively.
Based on the above analyses in the positive ion mode, the structure of compound 1 corresponds to the result of that in the negative ion mode, which is shown in Table 1 
Conclusion
In the present work, a novel compound 1 in Epimedium koreanum Nakai was found by using ESI-MS, and ESI-MS n data of the compound provide important structural information, whose structure was elucidated by comparisons with the structural information of known compounds. It was elucidated to be 8-prenylkaempferol-4′-methoxyl-3-O-α-L-rhamnopyranosyl-7-O-β-D-(2″-O-acetyl)glucopyranoside. A structure similar to that of the C-7 glucosyl moiety, which is substituted by the acetyl group, has never been found among the known prenylflavonol glycosides from Epimedium koreanum Nakai.
